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CONTROLLING POWER CONSUMPTION IN
VIDEO ENCODING BASED ON
INFORMATION REGARDING STATIC
AMOUNT OF AN IMAGE FRAME

FIELD OF THE DISCLOSURE

The disclosure relates generally to video encoding and
more particularly to methods and apparatus for controlling
power consumption in video encoding.

BACKGROUND OF THE DISCLOSURE

In many video encoding use cases, input video (e.g., input
sequences of image frames) includes a significant number of
static areas. That 1s, the input video frequently includes a
significant number of areas that do not change between
successive 1mage Irames. Moreover, such areas are often
static for relatively long periods of time as compared to, for
example, the time taken to render one image frame. A
conventional video encoder will perform motion compen-
sation by performing calculations that have the eflect of
searching, for each region (e.g., a 16x16 pixel macroblock)
in a current frame, for the best possible match to that region
within a previously encoded reference frame. A conven-
tional video encoder will then determine and encode a
motion vector that indicates the transformation between the
region 1n the current frame and the best possible match to
that region in the previously encoded frame. In the case of
a static region or area, the calculations performed during
motion estimation will indicate that the motion vector 1s
(0,0)—that 1s, that the best possible match to the region
under consideration 1n the current frame 1s a region 1n the
previously encoded frame that 1s located at the same position
in the previously encoded frame as the region under con-
sideration in the current frame.

Upon eventually determining that the motion vector for
such a region 1n the current image frame 1s (0,0), conven-
tional encoders will encode such a region 1n a manner that
indicates that the region 1s static with respect to the same
region of the previously encoded image frame. For example,
conventional encoders for H.264 and other video encoding
standards will set a particular tlag known as a SKIP flag
indicating that the region under consideration in the current
frame 1s to be encoded 1n SKIP mode. Encoding a region
(e.g., macroblock) of an 1image frame 1n SKIP mode results
in some gains in efliciency. However, in order to achieve any
such gains in efliciency, the conventional encoder will need
to perform the aforementioned calculations to determine that
the region of the image frame 1s to be encoded as SKIP.
Performing these calculations to yield an ultimate conclu-
s1on that the region under consideration 1s to be encoded as
SKIP overshadows much of the gains in efliciency that are
realized once 1t 1s eventually determined to use the SKIP
mode.

Some techmiques for increasing etliciency (e.g., saving
power consumption) in video encoding rely on reducing
power consumption based on mput video resolution and
target frame rate. While these techmiques achieve some
elliciencies, they do not improve the efliciency of determin-
ing that a region in an 1image frame 1s to be encoded using
a SKIP mode or other mode 1indicating that the region 1n the
image frame 1s static with respect to the same region of the
previously encoded image frame.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments will be more readily understood 1n
view of the following description when accompanied by the
below figures and wherein like reference numerals represent
like elements, wherein:

FIG. 1 1s a functional block diagram illustrating an
example apparatus, including pre-encoding logic which may
be associated with a video encoder, for determining an
amount of an image frame to be encoded that 1s static;

FIG. 2 1s a functional block diagram illustrating an
example of further detail of the operation of the pre-
encoding logic associated with the video encoder;

FIG. 3 1s a flowchart of an example method for controlling,
power consumption in video encoding;

FIG. 4 1s a flowchart of another example method for
controlling power consumption i video encoding and
includes aspects of the method 1llustrated in FIG. 3 1n more
detail;

FIG. 5 1s a functional block diagram illustrating an
example of still further detail of the operation of the pre-
encoding logic associated with the video encoder, an
example of further detail of the operation of the video
encoder, and an example of detail of obtained information
regarding the amount of the 1image frame to be encoded that
1S static;

FIG. 6 illustrates an image frame to be encoded that
includes both regions that have been indicated as or deter-
mined to be static and regions that have been indicated as or
determined to be non-static; and

FIG. 7 1s a functional block diagram illustrating one
example of an integrated circuit fabrication system.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

Briefly, methods and apparatus for controlling power
consumption in video encoding reduce power consumption
ol an apparatus that employs video encoding (e.g., a mobile
or smart phone, a phablet, a tablet, a camera, a laptop
computer, portable media player, or any other suitable
device which employs video encoding) are disclosed. In one
embodiment, a method and an apparatus (e.g., a smart phone
including a graphics processing umt (GPU) which 1n turn
includes a video encoder) adjust power consumption of a
video encoder based on information regarding an amount of
an 1mage frame to be encoded that 1s static with respect to
a previously encoded 1mage frame. The method and appa-
ratus may obtain the imnformation regarding the amount of
the image frame to be encoded that 1s static, before encoder
logic performs motion estimation on the image frame to be
encoded, 1 any of a number of suitable ways such as 1n one
or more of the example ways discussed below.

Among other advantages, for example, the disclosed
methods and apparatus allow information to be obtained
regarding an amount of the image frame to be encoded that
1s static before performing computation-intensive operations
such as motion estimation. As a result, the methods and
apparatus may determine that static regions of the image
frame are to be encoded 1n a manner that indicates that the
region 1s static with respect to the same region of the
previously encoded image frame, such as in a SKIP mode,
before motion estimation 1s performed. Because encoding in
the SKIP mode requires fewer computations, the clock
frequency of the video encoder may be adjusted (e.g.,
reduced) while still allowing an 1mage frame to be encoded
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in the time desired. Other advantages will be recognized by
one of ordinary skill 1n the art.

In one example, the information regarding the amount of
the 1mage frame to be encoded that 1s static may be obtained
from at least one of a gaming application (e.g., executing on
a GPU and/or a central processing unit (CPU) of a device,
such as a smart phone, that includes the video encoder); a
display engine of the device that includes the video encoder;
a video decoder (e.g., a video decoder of a transcoder that
also 1ncludes the video encoder); and processing by pre-
encoding logic associated with the video encoder. In one
embodiment, pre-encoding logic may process the image
frame to be encoded and the previously encoded image
frame as further described below, and may generate the
information regarding the amount of the image frame to be
encoded that 1s static based on the results of such processing.
In one example, the pre-encoding logic may be physically
distinct from the video encoder and may provide the gen-
crated information to the video encoder. In another example,
the pre-encoding logic may be included 1n the video encoder.

In another example, the methods and apparatus may
obtain the mformation regarding the amount of the image
frame to be encoded that 1s static by obtaining a binary
indication of whether each of multiple regions of the image
frame to be encoded 1s static. Additionally or alternatively,
the methods and apparatus may obtain the nformation
regarding the amount of the 1image frame to be encoded that
1s static by obtaining coordinate information indicating a
region of the 1mage frame to be encoded that 1s not static. In
one example, the coordinate information may include two
coordinates that define a rectangular region of the image
frame to be encoded that 1s not static.

In some embodiments, the methods and apparatus may
obtain the mformation regarding the amount of the image
frame to be encoded that 1s static by obtaining at least one
of information regarding a location of a static region of the
image frame to be encoded and an 1ndication of a percentage
of the 1image frame to be encoded that 1s static. The methods
and apparatus may determine, based on the percentage of the
image frame to be encoded that 1s static, whether to adjust
an operating mode of the video encoder to an operating
mode indicating that a region of the image frame to be
encoded 1s static. For example, the methods and apparatus
may determine whether to adjust a default operating mode of
the video encoder to a SKIP mode so as to first evaluate each
region (e.g., macroblock) of the image frame as encoded
using the SKIP and thereby determine whether to ultimately
use the SKIP mode in encoding that region of the image
frame.

In yet another example, the methods and apparatus may
obtain the mformation regarding the amount of the image
frame to be encoded that 1s static by obtaining information
regarding a correlation between the image frame to be
encoded and the previously encoded image frame. For
example, pre-encoding logic associated with the video
encoder (e.g., that 1s 1n communication with the video
encoder or that 1s part of the video encoder) may subtract the
image Iframe to be encoded from the previously encoded
image frame to determine the correlation. Such a correlation,
as the result of subtracting the image frame to be encoded
from the previously encoded image frame, may indicate
displacement between the two 1mage frames 1n the horizon-
tal and vertical directions and may thus allow determination
of an amount of the 1image frame to be encoded that 1s static
with respect to the previously encoded image frame.

In some embodiments, adjusting the power consumption
of the video encoder 1includes adjusting a clock frequency of
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4

the video encoder based on the information regarding the
amount of the image frame to be encoded that 1s static. For
example, with knowledge of the reduced amount of com-
putational resources needed to encode a region using the
SKIP mode, and with knowledge of the overall amount of
time 1 which the image frame 1s to be encoded, the desired
clock frequency may be calculated and adjusted accordingly.

Among other advantages, the methods and apparatus
allow adjustment of power consumption of a video encoder,
such as by adjusting a clock frequency of the video encoder,
based on mnformation—obtained before performing video
encoding operations such as motion estimation—regarding
an amount of an 1image frame that 1s static. The methods and
apparatus may advantageously obtain the information
regarding the amount of the 1image frame to be encoded that
1s static 1n any of a number of suitable ways, such as from
a gaming application, a display controller, a video decoder,
or from processing by pre-encoding logic associated with
the video encoder (e.g., by obtaining, {from the pre-encoding
logic, the result of a correlation between the image frame to
be encoded and a previously encoded 1image frame). Accord-
ingly, the methods and apparatus may encode static regions
of an 1mage frame using, for example, a less computation-
ally-demanding SKIP mode based on knowledge of the
amount of the image frame that 1s static. Other advantages
of the subject matter disclosed herein will be recognized by
those of ordinary skill in the art.

FIG. 1 1s a functional block diagram illustrating an
example apparatus 100 including pre-encoding logic which
may be associated with a video encoder, such as 1n example
implementations described above and discussed in further
detail below, 1n order to determine an amount of an 1mage
frame to be encoded that is static. The apparatus 100 may be,
for example, any suitable device with video encoding capa-
bility such as, but not limited to, a mobile or smart phone,
a phablet, a tablet, a laptop computer, a camera, portable
media player, or any other suitable device including any
suitable battery-equipped device, etc. In one embodiment,
the pre-encoding logic 1s implemented within a GPU as
further described below.

More particularly, as illustrated 1n FIG. 1, the apparatus
100 includes a processor subsystem 102, which includes a
first processor 104 such as a CPU, a second processor 106
such as a GPU, a memory 108 such as an on-chip memory,
and power consumption control logic 110 which may be or
may 1nclude, for example, a System Management Unit
(SMU) or a Power Management Unit (PMU). The second
processor 106 may include static region determining pre-
encoding logic 112, which may be associated with (e.g., n
communication with or part of) a video encoder included 1n
the second processor 106. The memory 108 may commu-
nicate with, for example, the first processor 104 by way of
a communication link 113 and with the second processor
106, such as with the static region determining pre-encoding,
logic 112, by way of a communication link 114. Each of the
communication links 113 and 114 may be any suitable bus
or other type of communication link.

In some embodiments, the processor subsystem 102 may
be an accelerated processing unit (APU), which as known in
the art includes one or more CPU cores and one or more
GPU cores on the same die. Such an APU may be, for
example, an APU as sold by Advanced Micro Devices, Inc.
(AMD) of Sunnyvale, Calif. Alternatively, one or more of
the first and second processors 104 and 106 may perform
general-purpose computing on GPU (GPGPU), may include
one or more digital signal processors (DSPs), one or more
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application-specific integrated circuits (ASICs), or the first
and second processors 104 and 106 may be any suitable
Processors.

In some examples, the described static region determining,
pre-encoding logic 112, and/or the power consumption
control logic 110 and/or other logic described herein, may be
implemented by executing suitable instructions on, for
example, the first processor 104 and/or the second processor
106. In other examples, the described static region deter-
mimng pre-encoding logic 112, and/or the power consump-
tion control logic 110, and/or other logic described herein
may be implemented by storing executable 1nstructions on a
computer readable storage medium, where the executable
instructions are executable by one or more processors (e.g.,
the first processor 104 and/or the second processor 106) to
cause the one or more processors to perform the actions
described herein. For example, executable instructions may
be stored 1in the memory 108 or any suitable memory and
may include static region determining pre-encoding logic
code 115. The described static region determining pre-
encoding logic 112, and/or the power consumption control
logic 110 and/or other logic described herein, may also be
implemented 1n any other suitable manner such as but not
limited to a firmware implementation, a hardware i1mple-
mentation, or any suitable combination of the example
implementations described above.

As further discussed with respect to FIG. 2 and subse-
quent figures, the static region determining pre-encoding
logic 112 obtains mformation regarding the amount of the
image Irame to be encoded that i1s static. In various
examples, as further described below, the nformation
regarding the amount of the image frame to be encoded that
1s static may be obtained from the first processor 104, other
components of the second processor 106, the memory 108,
any other suitable memory, and/or any other suitable loca-
tion including a location remote from the apparatus 100. The
static region determining pre-encoding logic 112 uses the
obtained information regarding the amount of the image
frame to be encoded that 1s static to generate static region
determination information 116. The static region determi-
nation information 116 indicates which regions (e.g., mac-
roblocks) 1n the image frame to be encoded are static, as
turther discussed below. The static region determining pre-
encoding logic 112 provides the static region determination
information 116 to the power consumption control logic 110,
and the power consumption control logic 110 adjusts the
power consumption of the video encoder accordingly. For
case of 1llustration and explanation, this adjustment 1s shown
by the power consumption control logic 110 providing an
encoding logic clock signal 118 to the second processor 106,
which as noted above may include the video encoder. IT
desired, and as shown 1n FIG. 1, the power consumption
control logic 110 may also provide first processor power
consumption control imnformation 120 to the first processor
104, such as when the first processor 104 supports video
encoding operations or when the desired power consumption
of the first processor 104 1s otherwise aflected by the static
region determination information 116.

FIG. 1 turther shows the second processor 106 providing
encoded 1mage data 122 to an interface circuit 124 (e.g., a
northbridge and/or a southbridge), such as when the second
processor 106 includes the video encoder with which the
static region determining pre-encoding logic 112 1s associ-
ated as discussed above. The iterface circuit 124 may
connect the processor subsystem 102 to an expansion bus
126 and may provide the encoded image data 122 to the
expansion bus 126. The expansion bus 126 may further
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connect to, for example, a display 128 (though the display
128 may, for example, be a wireless display 1f desired); one
or more peripheral devices 130; an additional memory 132
and one or more input/output (I/0) devices 134. I desired,
executable 1nstructions 1including the static region determin-
ing pre-encoding logic code 115 may be stored in the
additional memory 132 1n addition to or instead of being
stored 1n the memory 108. The one or more I/O devices 144
may include, for example, one or more cellular transcervers
such as a 3G or 4G transceiver; a Wi-F1 transceiver; a
keypad; a touch screen; an audio iput/output device or
devices; a mouse; a stylus; and/or any other suitable mput/
output device(s).

FIG. 2 1s a functional block diagram illustrating an
example of further detail of the operation of the static region
determining pre-encoding logic 112 associated with the
video encoder. For ease of illustration and explanation, the
static region determining pre-encoding logic 112 as shown
as included within a video encoder 200, which 1n turn may
be mcluded within, for example, the second processor 106
(not shown as such 1n FIG. 2) as discussed above. In addition
to the static region determining pre-encoding logic 112, the
video encoder 200 also includes encoding logic 202 1n the
example of FIG. 2. FIG. 2 also illustrates the memory 10
and the power consumption control logic 110 of the example
apparatus 100 of FIG. 1.

As shown 1n FIG. 2, the static region determining pre-
encoding logic 112 receives mnformation 204 regarding an
amount of the image frame to be encoded that 1s static. As
discussed above and as shown and described in further detail
below, the information 204 may be obtained from at least
one of a gaming application executing on, for example, the
second processor 106 and/or the first processor 104; a
display engine included 1n, for example, the second proces-
sor 106; a video decoder included in, for example, the
second processor 106; and as a result of processing by the
static region determining pre-encoding logic 112. The infor-
mation 204 also or alternatively may be or may include one
or more binary indications and/or coordinate information as
discussed above and further described 1n detail below. Still
turther, the information 204 may be or may include at least
one of information regarding a location of a static region of
the 1mage iframe to be encoded and an indication of a
percentage of the 1image frame to be encoded that 1s static.

The static region determining pre-encoding logic 112
generates the static region determination information 116,
which as noted above indicates which regions (e.g., macro-
blocks) 1n the 1image frame to be encoded are static. As
further described below, the static region determination
information 116 may, according to various embodiments,
indicate particular regions in the 1image frame to be encoded
that are static; indicate a number or percentage of static
regions in the image frame to be encoded that are static,
without indicating particular regions that are static; indicate
coordinates of points defining a non-static (or static, 1f
desired) region(s) in the 1mage frame to be encoded; or may
be or may include any other suitable indication used by the
power consumption control logic 110. In addition to pro-
viding the static region determination information 116 to the
power consumption control logic 110, the static region
determining pre-encoding logic 112 also provides the static
region determination information 116 to the encoding logic
202 as further described below.

The static region determining pre-encoding logic 112 may
also receive 1mage data 206 for the image frame to be
encoded and 1image data 208 for a previously encoded image
frame. As described below, the static region determining
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pre-encoding logic 112 may, in some embodiments, deter-
mine a correlation between the 1image frame to be encoded
and the previously encoded image frame by subtracting the
image data 206 for the image frame to be encoded from the
image data 208 for the previously encoded image frame.

The power consumption control logic 110 receives the
static region determination information 116 and, 1n response
thereto, may adjust power consumption of the video encoder
200 by adjusting (e.g., reducing) the frequency of the
encoding logic clock signal 118 provided to the encoding
logic 202. One or more example embodiments of determin-
ing the adjusted frequency of the encoding logic clock signal
118 are further described below.

The encoding logic 202, as noted above, also receives the
static region determination information 116. Additionally,
the encoding logic 202 receives the encoding logic clock
signal 118 and, as shown 1n the example of FIG. 2, further
receives the image data 206 for the image frame to be
encoded and the image data 208 for the previously encoded
image frame. Based on the immformation indicated by the
static region determination information 116, the encoding
logic 202 may, when encoding a particular region of the
image frame to be encoded, operate 1n a mode (e.g., a SKIP
mode) indicating that the region of the image frame to be
encoded 1s static with respect to the previously encoded
image Iframe. Such a mode may be any suitable reduced
complexity mode and, while described herein as a SKIP
mode, 1s not limited as such. As one example, a particular
region of the image frame to be encoded that 1s static may
be encoded using a reduced search range mode. As such, 1t
will be understood that references herein to a SKIP mode are
for ease of explanation, and 1t 1s within the scope of this
disclosure for such references to be to another reduced
complexity mode(s). If, for a particular region of the image
frame to be encoded, the information indicated by the static
region determination information 116 does not indicate that
the region 1s static, the encoding logic 202 may use the
image data 206 for the image frame to be encoded and the
image data 208 for the previously encoded image frame to,
for example, perform motion estimation and motion com-
pensation in order to encode the particular region of the
image frame to be encoded.

Once the entire 1image frame to be encoded has been
encoded and the encoding 1s represented by the encoded
image data 122, which as shown in FIG. 2 may be generated
by the encoding logic 202, the encoded image data 122 may
be provided for use 1n any suitable manner. By way of
example, the encoded image data 122 may be provided to
the interface circuit 124, which in turn may provide the
encoded 1image data 122 to one or more of the I/O devices
134 via the expansion bus 126. The one or more of the I/O
devices, such as a 3G or 4G transceiver, may then transmit
the encoded 1image data 122 to another apparatus, such as to
another smart phone. As just one further example, the
encoded 1mage data 122 may be provided to a video decoder
of the apparatus 100 (not shown) and may be decoded and
provided, via the interface circuit 124 and the expansion bus
126, for display on the display 128.

With continued reference to FIG. 2 and turning also to
FIG. 3, FIG. 3 1s a flowchart of an example method for
controlling power consumption i video encoding. The
method 1llustrated 1 FIG. 3, and each of the example
methods described herein, may be carried out by one or
more suitably programmed controllers or processors execut-
ing soltware (e.g., by the second processor 106 executing
suitable mstructions and by the power consumption control
logic 110 when the power consumption control logic 110 1s
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implemented as a controller or processor executing sofit-
ware). The method may also be embodied m hardware or a
combination of hardware and hardware executing software.
Suitable hardware may include one or more application
specific mtegrated circuits (ASICs), state machines, field
programmable gate arrays (FPGAs), digital signal proces-
sors (DSPs), and/or other suitable hardware. Although the
method(s) 1s/are described with reference to the illustrated
flowcharts (e.g., in FIG. 3), 1t will be appreciated that many
other ways of performing the acts associated with the
method(s) may be used. For example, the order of some
operations may be changed, and some of the operations
described may be optional. Additionally, while the
method(s) may be described with reference to the example
apparatus 100, 1t will be appreciated that the method(s) may
be implemented by other apparatus as well, and that the
apparatus 100 may implement other methods.

As shown 1n FIG. 3, the method begins at block 300 when
pre-encoding logic associated with a video encoder obtains,
before encoder logic of the video encoder performs motion
estimation on an 1mage frame to be encoded, information
regarding an amount of the image frame to be encoded that
1s static with respect to a previously encoded 1mage frame.
For example, the static region determining pre-encoding
logic 112 may obtain the information 204 regarding an
amount of the image frame to be encoded that 1s static belore
the encoder logic 202 of the video encoder 200 performs
motion estimation on the image frame to be encoded.

As shown 1n block 302, power consumption control logic,
such as the power consumption control logic 110, then
adjusts power consumption of the video encoder (e.g., the
video encoder 200) based on the obtained imnformation (e.g.,
the information 204) regarding the amount of the image
frame to be encoded that 1s static.

Turning now to FIGS. 4 and 5, FIG. 4 1s a flowchart of
another example method for controlling power consumption
in video encoding and includes aspects of the method
illustrated 1n FIG. 3 1n more detail. FIG. 5, which will be
discussed 1 conjunction with FIG. 4, 1s a functional block
diagram 1illustrating an example of still further detail of the
operation of the static region determining pre-encoding logic
112 associated with the video encoder 200, an example of
turther detail of the operation of the video encoder 200, and
an example of further detail of the information 204 regard-
ing the amount of the image frame to be encoded that 1s
static.

As shown 1n FIG. 4 11 block 400, the method may include
determining whether the information 204 regarding the
amount of the image frame to be encoded that 1s static with
respect to a previously encoded image frame 1s available
external to the static region determining pre-encoding logic
112. For example, 1t may be determined in block 400
whether the mformation 204 1s available from, for example,
a gaming application, such as from a gaming application that
may set one or more flags indicating static regions and their
locations and/or the percentage of the image frame to be
encoded that 1s static; a display engine; and/or a video
decoder, such as from a video decoder that provides infor-
mation regarding static regions of the image frame to be
encoded after the video decoder has decoded image data to
generate the image frame to be encoded (e.g., as 1n the case
of transcoding). It may also or alternatively be determined 1n
block 400 whether the information 204 1s available in the
form of a binary indication(s), coordinate information, etc.
from a memory (e.g., the memory 108), as discussed above
and as further described below. If it 1s determined that the
information 204 regarding the amount of the image frame to
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be encoded that 1s static 1s available external to the static
region determining pre-encoding logic 112, flow may pro-
ceed to block 402. IT it 1s determined that the mformation
204 regarding the amount of the image frame to be encoded
that 1s static 1s not available external to the static region
determining pre-encoding logic 112, flow may proceed to
block 412.

In the event that flow proceeds to block 402, 1t may be
determined whether the information 204 regarding the
amount of the image frame to be encoded that i1s static 1s
available in memory, such as in the memory 108. With
reference to FIG. 5, the video encoder 200 may receive the
information 204 as one or more of static amount information
500 from a gaming application or applications, static amount
information 502 from a display engine, and static amount
information 504 from a video decoder (e.g., of a video
transcoder that includes the video encoder 200). While FIG.
5 shows that the information 500, 502, and/or 504 may be
provided to the static region determining pre-encoding logic
112, the information 3500, 502, and/or 504 may also or
alternatively be provided to static region representation logic
506 of the video encoder 200. The static region representa-
tion logic 506 may, in some examples, generate a binary
indication for each region of the image frame to be encoded.
In an embodiment, the static region representation logic 506
may generate its output so that the binary indication for each
region 1s mapped to the location of that region in the image
frame. For example, 1n an embodiment where a “0” 1s used
to 1indicate that a region 1s not static, and a “1” 1s used to
indicate that a region 1s static, the static region representa-
tion logic 506 may generate the binary values as a binary
map that indicates which binary values correspond to which
regions (e.g., macroblocks) within the image frame to be
encoded.

In some examples, the static region representation logic
506 may also or alternatively generate coordinate informa-
tion indicating a region or regions ol the image frame to be
encoded that i1s/are not static. For example, in the case of a
rectangular region of the image frame that i1s not static,
where the rectangular region includes, for example, two
side-by-side macroblocks, the static region representation
logic 506 may generate information indicating the upper
left-most coordinate of the left macroblock and the lower
right-most coordinate of the right macroblock. In some
implementations, the static region representation logic 506
may also generate an imndication of the geometry to which the
coordinates apply, e.g., in the above example, that the
coordinates are opposing coordinates of a rectangular, non-
static region. Furthermore, 1n some embodiments, the coor-
dinate information may indicate a region or regions of the
image Irame to be encoded that 1s/are static, as opposed to
not static. In any event, when the coordinate information 1s
generated 1 addition to the binary indication of whether
cach region to be encoded 1s static, the static region deter-
miming pre-encoding logic 112 may use the coordinate
information as a redundant check on the binary indication of
whether each region to be encoded 1s static, and as further
discussed below, may determine to treat a particular region
to be encoded as a static region 1f both the coordinate
information and the binary indication indicate that the
particular region of the image frame to be encoded 1s a static
region.

The binary indication of whether each region to be
encoded 1s static, and/or the coordinate information indicat-
ing a region of the image frame that 1s not static, may be
provided as static amount imnformation 508 to the memory
108 or to another suitable memory such as the additional

10

15

20

25

30

35

40

45

50

55

60

65

10

memory 132. The static amount information 508 may be or
may include map information i1n the case of a binary
indication(s) as discussed above. In some embodiments, the
static region representation logic 506 may compress the
binary indication(s) and/or the coordinate mformation and
thereby provide the static amount imnformation 508 to the
memory 108 1 a compressed form for more eflicient
memory use and bandwidth between, for example, the
second processor 106 and the memory 108.

As turther shown 1n block 402, 1t 1t 1s determined that the
information 204 regarding the amount of the image frame to
be encoded that 1s static 1s available in memory, such as by
way ol storage of the static amount information 508 in the
memory 108, flow may proceed to block 410. If at block
402, 1t 1s determined that the information 204 regarding the
amount of the 1image frame to be encoded that 1s static 1s not
available 1n memory, flow may proceed to block 404.

In the event that flow proceeds to block 404, it will have
been determined that the information 204 regarding the
amount of the image frame to be encoded that i1s static 1s
available external to the static region determining pre-
encoding logic 112, but 1s not available 1n memory. Accord-
ingly, 1n some examples, the method may include obtaining
the information 204 or a portion thereof from a gaming
application (or applications) as the static amount informa-
tion 500 discussed above. Additionally or alternatively, as
shown 1n block 406, the method may include obtaining the
information 204 or a portion thereof from a display engine
as the static amount information 502 discussed above. As
shown 1n block 408, 1n addition to or as an alternative to
obtaining the mformation 204 or a portion thereof from a
gaming application(s) and/or from a display engine, the
method may include obtaining the mformation 204 or a

portion thereof from a video decoder as the static amount
information 504 discussed above.

It will be understood that one or more of blocks 404, 406,
and 408, among other blocks as mentioned above, may be
omitted depending upon whether the information 204
includes the static amount information 500 from a gaming
application, the static amount information 502 from a dis-
play engine, and/or the static amount information 504 from
a video encoder.

In the event that flow proceeds from block 402 to block
410, 1t will have been determined that the information 204
regarding the amount of the image frame to be encoded that
1s static 1s available in memory. Thus, as shown 1n block 410,
the method may include obtaining the information 204 from
memory. With reference to the discussion above, the method
may thus include obtaining static amount information 510
from the memory 108. In one embodiment, the static amount
information 510 may represent the same information as the
static amount information 508 provided to the memory 108,
and may be 1n a compressed form because the static amount
information 508 may have been compressed for greater
ciliciency. If the static amount information 510 1s in a
compressed form, the static region determining pre-encod-
ing logic 112 may perform suitable decompression of the
compressed static amount information 310. However, 1n
other embodiments, the static amount information 510 may
be mformation that has been stored in the memory 108 in
any other suitable way, and need be the same as the static
amount imformation 508 obtained from the encoder.

It will be understood in light of the foregoing disclosure
that the information 204 regarding the amount of the image
frame to be encoded that 1s static may be or may 1nclude one
or more of the static amount information 500, the static
amount information 502, the static amount information 504,
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and/or the static amount information 510, depending upon
the source of the information 204.

With continued reference to FI1G. 5, the example of further
detail of the static region determining pre-encoding logic
112 shows that the static region determinming pre-encoding
logic 112 may 1include external information-based static
amount determination logic 512, image frame correlation
logic 514, imitial SKIP mode (or other suitable mode 1ndi-
cating that a region to be encoded i1s static) determination
logic 516, and SKIP mode (or other suitable mode indicating
that a region to be encoded 1s static) evaluation logic 518.
The external information-based static amount determination
logic 512 may receive the static amount information 500,
502, 504, and/or 510 depending upon the source of the
information 504. If the external information-based static
amount determination logic 512 recerves the static amount
information 510 1 a compressed form, the external infor-
mation-based static amount determination logic 512 may
perform suitable decompression thereolf, as discussed above.
In response to recerving one or more ol the static amount
information 500, 502, 504, and 510, the external informa-
tion-based static amount determination logic 512 may gen-
erate and provide externally indicated static amount infor-
mation 520 to the initial SKIP mode determination logic 516
and the SKIP mode evaluation logic 518.

The external information-based static amount determina-
tion logic 512 may generate the externally indicated static
amount information 520 1n any suitable manner, such as any
suitable manner indicating a location and/or percentage of
static regions as indicated 1n the one or more of the static
amount information 500, 502, 504, and 510 received by the
external 1nformation-based static amount determination
logic 512. For example, the external information-based
static amount determination logic 512 may combine infor-
mation regarding the location of static regions in the image
frame to be encoded if the external information-based static
amount determination logic 512 receives more than one of
the static amount information 500, 502, 504, and 510. In
another example, the external information-based static
amount determination logic 512 may receive more than one
indication of a percentage of the image frame to be encoded
that 1s static by way of receiving more than one of the static
amount information 500, 502, 504, and 510. In one embodi-
ment, the external information-based static amount determi-
nation logic 512 may, for example, average the more than
one received indication of a percentage of the image frame
that 1s static, and may provide the average as the externally
indicated static amount information 520.

As noted above, 1t 1t 1s determined 1n block 400 that the
information 204 regarding the amount of the 1image frame to
be encoded that 1s static 1s not available external to the static
region determining pre-encoding logic 112, flow may pro-
ceed to block 412. The method may then include obtaining
information regarding a correlation between the image
frame to be encoded and a previous image Iframe. For
example, block 412 may include obtaining a result of a
correlation between the 1mage frame to be encoded and the
previous 1mage frame before encoding of the previous image
frame. Additionally or alternatively, the information regard-
ing the correlation between the 1image frame to be encoded
and the previous image frame may be determined by obtain-
ing a result of a correlation between the 1image frame to be
encoded and the previous image frame after encoding of the
previous 1mage frame for use as a reference for future frames
(including the 1image frame to be encoded).

With continued reference to block 412 and with reference
to FIG. 5, 1n response to not receiving any information
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external to the video encoder 200 regarding the amount of
the 1mage frame to be encoded that is static, the external
information-based static amount determination logic 512
may generate and provide correlation command information
522 to the image frame correlation logic 514 to cause the
image frame correlation logic 514 to obtain the information
regarding the correlation between the image frame to be
encoded and the previously encoded image frame. As shown
in FIG. §, the image frame correlation logic 514 may receive
both the image data 206 for the 1image frame to be encoded
and the image data 208 for the previously encoded image
frame. The 1mage frame correlation logic 514 may, 1n one
example, perform the correlation by subtracting the 1image
data 206 for the image frame to be encoded from the image
data 208 for the previously encoded image frame (belore
and/or after encoding of the previously encoded image
frame, as discussed above). The image frame correlation
logic 514 may then generate and provide correlation infor-
mation 524 to the mitial SKIP mode determination logic
516.

As shown 1n FIG. 4, flow may proceed from each of
blocks 408 (or, for example, from block 404 or block 406,
in a situation where block 408 1s omitted as described above)
and 410 to block 414. Additionally, flow may proceed from
block 412 to block 416. At block 414, 1t may be determined
whether the obtained information 204 includes location
information as opposed to, for example, percentage infor-
mation indicating a percentage of the 1mage frame to be
encoded that 1s static. As discussed above, the location
information may be or may include, for example, a binary
indication of whether each region to be encoded 1s static,
and/or coordinate information indicating a region or regions
of the image frame to be encoded that 1s/are not static, and/or
any other suitable information. In the event that the obtained
information 204 includes location information, flow may
proceed to block 422. In the event that the obtained infor-
mation does not include location information, flow may
proceed to block 416.

In the event that flow proceeds to block 416, 1t may be
determined whether to evaluate each region (e.g., each
macroblock) of the image frame to be encoded using the
SKIP mode first. That 1s, it may be determined whether, by
default, each region of the image frame 1s to be evaluated
first using the SKIP mode to determine whether to encode
that region of the image frame using the SKIP mode.

For example, with reference to FIG. 5, the mitial SKIP
mode determination logic 516 may receive the externally
indicated static amount mnformation 520 and may use the
received mformation 520 to determine the percentage of
static regions in the image frame. In some examples, the
received information may directly indicate the percentage of
static regions in the 1image frame to be encoded, such as, for
example, when the static amount information 500 from a
gaming application indicates the percentage of static regions
in an 1mage frame of the gaming application that 1s to be
encoded. In other examples, the correlation information 524
may directly indicate the percentage of regions of the image
frame to be encoded that are static, and may further indicate
which particular regions have been determined to be static as
a result of the correlation. However, 1n some embodiments,
in order to allow for the possibility of error 1n the correlation,
the correlation information 524 may still be provided to the
initial SKIP mode determination logic 316 for determination
of whether the SKIP mode is to be used as a default (hence
the 1llustration of tlow proceeding from block 412 to block
416). For example, even though the correlation information
524 may directly indicate which particular regions have
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been determined to be static as a result of the correlation, 1
the percentage of regions 1n the 1mage frame that have been
determined to be static as a result of the correlation does not
exceed a threshold, the initial SKIP mode determination
logic 516 may determine not to use the SKIP mode as a
default. The implementation of a threshold percentage of
static regions 1n the 1mage frame 1s further discussed below.

In the example where the mitial SKIP mode determination
logic 516 determines the percentage of static regions 1n the
image {rame to be encoded, the nitial SKIP mode determi-
nation logic 516 may determine whether the percentage of
static regions 1n the 1mage frame to be encoded exceeds a
threshold percentage. The threshold percentage may, for
example, be pre-programmed into the imitial SKIP mode
determination logic 516 or may be indicated 1n executable
instructions that are executed by, for example, the second
processor 106 to implement the mitial SKIP mode determi-
nation logic 516. In one embodiment, 1f the determined
percentage of static regions in the image Iframe to be
encoded exceeds the threshold percentage, the mitial SKIP
mode determination logic 516 may determine that, by
default, each region of the image frame 1s to be evaluated
first using the SKIP mode to determine whether to encode
that region using the SKIP mode. In this manner, 1t may be
determined at block 416 that each region of the image frame
1s to be encoded using the SKIP mode first (and subse-
quently evaluated to determine whether the SKIP mode 1s
the proper mode for that region).

Among other advantages, by evaluating each region of the
image frame to be encoded using the SKIP mode first when
the percentage of static regions exceeds a threshold percent-
age, computationally-intensive motion estimation may be
avoided when it 1s likely that the motion estimation will not
be needed for a significant number of regions. Evaluating a
particular region of the image frame to be encoded using the
SKIP mode first may end up costing computation time when
that evaluation indicates that the particular region should
not, in fact, be encoded using the SKIP mode. However, in
the above examples, the threshold percentage may be set so
that the expected savings in computation outweigh the
expected costs 1n computation resulting from forcing an
initial evaluation of each region of the image frame using the
SKIP mode when any such region should not 1n fact be
encoded using the SKIP mode.

With continued retference to block 416, 1f 1t 1s determined
that each region (e.g., each macroblock) of the image frame
1s to be evaluated for encoding using the SKIP mode first,
flow may proceed to block 418. If 1t 1s determined that each
region of the image frame 1s not to be encoded using the
SKIP mode first, flow may proceed to block 420.

In the event that flow proceeds to block 418, the method
may include determining, for each region of the image frame
to be encoded, whether to encode the image frame using the
SKIP mode or whether to encode the image frame normally
(e.g., using motion estimation and motion compensation)
based on evaluation of the region using the SKIP mode first.
With reference to FIG. 5, when the initial SKIP mode
determination logic 316 determines whether each region of
the image frame 1s to be evaluated first using the SKIP mode,
the initial SKIP mode determination logic 316 may generate
and provide SKIP mode command information 526 to the
SKIP mode evaluation logic 518. The SKIP mode command
information 526 may indicate to the SKIP mode evaluation
logic 518 that each region of the image frame 1s to be
evaluated first using the SKIP mode. As further shown 1n
FIG. 5, the SKIP mode evaluation logic 5318 may receive
both the 1mage data 206 for the 1mage frame to be encoded
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and the image data 208 for the previously encoded image
frame. The SKIP mode evaluation logic 518 may then use
the 1mage data 206 and the image data 208 to evaluate the
SKIP mode for each region of the image frame to be encoded
by evaluating the suitability of the SKIP mode first before
cvaluating any motion vectors. After determining whether to
encode each region of the image frame using the SKIP mode
or normally, the SKIP mode evaluation logic 518 may
provide an indication of this determination as the static
region determination information 116.

After 1t 1s determined, for each region of the image frame
to be encoded, whether to encode the 1mage frame using the
SKIP mode or whether to encode the image frame normally
based on evaluation of each region using the SKIP mode
first, flow may proceed to block 422. As discussed with
respect to FIGS. 1 and 2 and as further discussed below, the
static region determination information 116 may be provided
to the power consumption control logic 110 to adjust power
consumption of the video encoder 200 by adjusting the
encoding logic clock signal 118.

In the event that flow proceeds from block 416 to block
420, 1t will have been determined that each region of the
image frame 1s not to be encoded using the SKIP mode first
in the example of FIG. 4. As shown 1n block 420, the method
may include determining, for each region of the image frame
to be encoded, whether to encode the image frame using the
SKIP mode or whether to encode the image frame normally
based on the information 204 regarding the amount of the
image frame to be encoded that 1s static. For example, the
external information-based static amount determiming logic
512 may receive information imndicating particular regions of
the 1mage frame to be encoded that are static, but the
percentage of the image frame to be encoded that 1s static
may not exceed the threshold that causes each region of the
image frame to be evaluated first using the SKIP mode (e.g.,
block 418). In this example, the mitial SKIP mode determi-
nation logic 516 may generate the SKIP mode command
information 526 to indicate to the SKIP mode evaluation
logic 518 that the externally indicated static amount infor-
mation 520 or the correlation information 524, as the case
may be, 1s to be passed through to the output of the SKIP
mode evaluation logic 518 as the static region determination
information 116. Flow may then proceed to block 422.

As shown 1n block 422, the method may include adjusting
power consumption of the video encoder 200 based on, for
example, the number or percentage of regions 1n the 1image
frame to be encoded that are to be encoded using the SKIP
mode and the time in which the image frame i1s to be
encoded. For example, FIG. 6 illustrates an 1image frame 600
to be encoded that includes regions 601 through 630. For
case of explanation, each of the regions 601 through 630 will
be described as a 16x16 macroblock—that 1s, 16 pixels
horizontally by 16 pixels vertically. It will be understood
that 1n applications such as use of the disclosed embodi-
ments 1n smart phones, tablets, etc., significantly more pixels
and thus, potentially, significantly more regions, will be
included 1n an 1mage frame to be encoded.

In the example of FIG. 6, the hatched regions are those
that have been indicated 1n the static region determination
information 116 to be static according to, for example, one
or more of the example techniques described above. The
unhatched regions are those that have been indicated in the
static region determination information 116 not to be static.
As can be seen from the example of FIG. 6, only the regions
616, 617, 618, 622, and 623 are not static. The remaining
twenty-five (25) hatched regions have been indicated to be
static. Adjusting power consumption of the video encoder
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200 may thus include, in this example: (1) determining the
number of clock cycles needed to encode a 16x16 macro-
block as SKIP; (2) multiplying the number of clock cycles
needed to encode a 16x16 macroblock as SKIP by twenty-
five (235), which 1s the number of indicated static regions 1n
this example; (3) determining the number of clock cycles
needed to encode a 16x16 macroblock when not using SKIP
mode; (4) multiplying the number of clock cycles needed to
encode a 16x16 macroblock when not using SKIP mode by
five (5), which i1s the number of regions in the example
image frame 600 that have been indicated not to be static; (5)
adding the numbers of clock cycles determined 1n actions (2)
and (4) to determine the total number of clock cycles needed
to encode the image frame 600; and (6) dividing the total
number of clock cycles needed to encode the image frame
600 as determined 1n action (5) by the time in which the
image frame 1s to be encoded 1n order to determine the
frequency of the encoding logic clock signal 118. A margin
of error may also be added by increasing the determined
frequency of the encoding logic clock signal 118 by a
particular percentage, such as 10%, or a margin of error may
be added to the process of determining the frequency of the
encoding logic clock signal 118 1n any other suitable man-
ner.

The video encoder 200, with power consumption adjusted
by, for example, adjusting the frequency of the encoding
logic clock signal 118, may then encode the image frame
using the encoding logic 202. In addition to receiving the
encoding logic clock signal 118, the encoding logic 202 may
receive the image data 206 for the image frame to be
encoded, the image data 208 for the previously encoded
image {rame, and the static region determination iforma-
tion 116 as discussed above. The encoding logic 202 may
then, for example, perform motion estimation and motion
compensation 1n encoding the image frame represented by
the 1mage data 206 and generating the encoded image data
122.

As discussed above, 1n the event that the obtained infor-
mation 204 includes location information, tflow may proceed
from block 414 to block 422. In this situation, the obtained
information 204 may sumply be passed from the input of the
static region determining pre-encoding logic 112 to the
output of the static region determining pre-encoding logic
112 as the static region determination mformation 116. For
example, the external information-based static amount
determination logic 512 and, 1n some examples, the mitial
SKIP mode determination logic 516 and/or the SKIP mode
evaluation logic 518, may pass the obtained information 204
through to the output of the static region determiming
pre-encoding logic 112 as the static region determination
information 116.

It will be appreciated that, 1n some examples, the actions
described with respect to one or more of blocks 400 through
412 of FIG. 4 may be used to implement the actions
described with respect to block 300 of FIG. 3, and that the
actions described with respect to one or more of blocks 414
through 422 may be used to implement the actions described
with respect to block 302.

Referring to FIG. 7, an integrated circuit fabrication
system 700 1s shown which may include access to memory
702, which may be in any suitable form and any suitable
location accessible via the web, accessible via hard drive or
any other suitable way. The memory 702 1s a non-transitory
computer readable medium such as but not limited to RAM,
ROM, and any other suitable memory. The IC fabrication
system 700 may be one or more work stations that control
a waler fabrication to build integrated circuits. The memory
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702 may include thereon instructions that when executed by
one or more processors causes the integrated circuit fabri-
cation system 700 to fabricate one or more integrated
circuits that include the logic and structure described herein.

The disclosed integrated circuit designs may be employed
in any suitable apparatus including but not limited to, for
example, a mobile or smart phone, a phablet, a tablet, a
camera, a laptop computer, a portable media player, or any
other suitable device which employs video encoding. Such
devices may include, for example, a display that receives
image data (e.g., image data that has been decoded and that
corresponds to the encoded image data 122) from the one or
more ntegrated circuits where the one or more integrated
circuits may be or may include, for example, an APU, GPU,
CPU or any other suitable integrated circuit(s) that
provide(s) image data for output on the display. Such an
apparatus may employ one or more integrated circuits as
described above including the static region determining
pre-encoding logic, the power consumption control logic,
and other components described above.

Also, integrated circuit design systems (e.g., work stations
including, as known 1n the art, one or more processors,
associated memory 1n communication via one or more buses
or other suitable iterconnect and other known peripherals)
are known that create waters with integrated circuits based
on executable istructions stored on a computer readable
medium such as but not limited to CDROM, RAM, other
forms of ROM, hard drives, distributed memory, etc. The
instructions may be represented by any suitable language
such as but not limited to hardware descriptor language
(HDL), Verilog or other suitable language. As such, the logic
and structure described herein may also be produced as one
or more integrated circuits by such systems using the
computer readable medium with instructions stored therein.
For example, one or more integrated circuits with the
aloredescribed logic and structure may be created using such
integrated circuit fabrication systems. In such a system, the
computer readable medium stores instructions executable by
one or more integrated circuit design systems that causes the
one or more mtegrated circuit design systems to produce one
or more integrated circuits. The one or more integrated
circuits include, for example, static region determining
pre-encoding logic and power consumption control logic
that allow a reduction 1n the number of computations that are
performed to encode an 1mage frame based on information
regarding an amount of the image frame that 1s static, as
described above.

Among other advantages, for example, the disclosed
methods and apparatus allow adjustment of the power
consumption of a video encoder based on information
regarding an amount of an image frame to be encoded that
1s static, thus avoiding the need to perform many motion
estimation calculations and other resource-intensive com-
putations. The disclosed methods and apparatus also provide
various ways 1n which the information regarding the amount
of the image frame to be encoded that 1s static may be
provided. For example, the information may advantageously
be provided by indicating the locations of static regions in
the 1mage frame, the percentage of static regions 1n the
image frame, by performing a correlation, or 1n various other
suitable ways. Using the information regarding the amount
of the image frame to be encoded that 1s static as described
herein allows fewer computations to be performed while still
encoding an 1image frame in the time desired. Other advan-
tages will be recognized by one of ordinary skill in the art.

The foregoing description has been presented for the
purposes of i1llustration and description. It 1s not intended to
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be exhaustive or to limit the immvention to the exemplary
embodiments disclosed. Many modifications and variations
are possible 1n light of the above teachings. It 1s intended that
the scope of the invention be limited not by this detailed
description of examples, but rather by the claims appended
hereto.
What 1s claimed 1s:
1. A method for controlling power consumption in video
encoding, the method comprising:
obtaining, by pre-encoding logic associated with a video
encoder before encoder logic of the video encoder
performs motion estimation on an image frame to be
encoded, external information that 1s generated external
from the encoder logic and indicates a quantitative
amount of the image frame to be encoded that 1s static
with respect to a previously encoded 1mage frame, the
external information indicating the amount of the
image Iframe to be encoded that 1s static indicating that
some portions of the image frame are to be encoded as
static and other portions of the image frame are to be
encoded as not static and wherein obtaining the exter-
nal information indicating the amount of the image
frame to be encoded that 1s static comprises obtaining
the external information from one or more of: a gaming,
application that generates the external information, and
a video decoder that generates the external information;

adjusting power consumption of the video encoder based
on the obtained external imformation indicating the
amount of the image frame to be encoded that 1s static;
and

wherein adjusting the power consumption of the video

encoder comprises adjusting a clock frequency of the
video encoder based on the external information indi-
cating the amount of the image frame to be encoded
that 1s static.

2. The method of claim 1, wherein obtaining the external
information indicating the amount of the image frame to be
encoded that 1s static comprises obtaining a binary indica-
tion of whether each of a plurality of regions of the image
frame to be encoded 1s static.

3. The method of claim 1, wherein obtaining the external
information indicating the amount of the image frame to be
encoded that 1s static comprises obtaining coordinate exter-
nal information indicating a region of the image frame to be
encoded that 1s not static.

4. The method of claim 1, wherein obtaining the external
information indicating the amount of the image frame to be
encoded that 1s static comprises obtaining at least one of
external information indicating a location of a static region
of the 1mage frame to be encoded and an indication of a
percentage ol the image frame to be encoded that is static.

5. The method of claim 4, comprising determining, based
on the percentage of the image frame to be encoded that 1s
static, whether to adjust an operating mode of the video
encoder to an operating mode 1indicating that a region of the
image frame to be encoded 1s static.

6. The method of claim 1, wherein obtaining the external
information indicating the amount of the image frame to be
encoded that 1s static comprises obtaining external informa-
tion 1ndicating a correlation between the 1image frame to be
encoded and the previously encoded 1mage frame.

7. An apparatus for controlling power consumption in
video encoding, the apparatus comprising:

pre-encoding logic operative to obtain, before encoder

logic of a video encoder performs motion estimation on
an 1mage frame to be encoded, external information
that 1s generated external from the encoder logic and
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indicates a quantitative amount of the 1image frame to
be encoded that 1s static with respect to a previously
encoded 1mage frame, the external information indi-
cating the amount of the image {frame to be encoded
that 1s static indicating that some portions of the image
frame are to be encoded as static and other portions of
the 1mage frame are to be encoded as not static and
wherein the pre-encoding logic 1s operative to obtain
the external information indicating the amount of the
image frame to be encoded that 1s static from one or
more of: a gaming application that generates the exter-
nal information, a video decoder that generates the
external i1nformation, and a result of a correlation
between the 1image {frame to be encoded and the pre-
viously encoded image frame;

power consumption control logic operatively coupled to

the pre-encoding logic and operative to adjust power
consumption of the wvideo encoder based on the
obtained external information indicating the amount of
the 1mage frame to be encoded that is static; and
wherein the power consumption control logic 1s operative
to adjust a clock frequency of the video encoder based
on the external information indicating the amount of
the image frame to be encoded that 1s static 1n order to
adjust power consumption of the video encoder.

8. The apparatus of claim 7, wherein the pre-encoding
logic 1s operative to obtain the external information indicat-
ing the amount of the image frame to be encoded that is
static as at least one of a binary indication of whether each
of a plurality of regions of the 1mage frame to be encoded 1s
static and coordinate external information indicating a
region ol the image frame to be encoded that 1s not static.

9. The apparatus of claim 7, wherein the pre-encoding
logic 1s operative to obtain at least one of external informa-
tion indicating a location of a static region of the image
frame to be encoded and an 1ndication of a percentage of the
image frame to be encoded that is static 1n order to obtain the
external information indicating the amount of the image
frame to be encoded that 1s static, and wherein the pre-
encoding logic comprises mode determination logic that 1s
operative to determine, based on the percentage of the image
frame to be encoded that 1s static, whether to adjust an
operating mode of the video encoder to an operating mode
indicating that a region of the 1mage frame to be encoded 1s
static.

10. The apparatus of claim 7, comprising at least one of
an accelerated processing unit (APU), a central processing
umt (CPU), a graphics processing unit (GPU), wherein the
at least one of the APU, the CPU, and the GPU includes the
pre-encoding logic, the power consumption control logic,
and the video encoder.

11. The apparatus of claim 10, comprising:

a display; and

a video decoder operative to:

receive encoded image data from the video encoder;

decode the receirved encoded image data to generate

decoded image data; and

provide the decoded image data for display on the display.

12. A non-transitory computer readable medium compris-
ing executable instructions that when executed cause an
integrated circuit (IC) fabrication system to fabricate one or
more ICs that comprise:

pre-encoding logic operative to obtain, before encoder

logic of a video encoder performs motion estimation on
an 1mage frame to be encoded, external information
that 1s generated external from the encoder logic and
indicates a quantitative amount of the image frame to
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be encoded that 1s static with respect to a previously
encoded 1mage frame, the external information indi-

cating the amount of the image frame to be encoded
that 1s static indicating that some portions of the image
frame are to be encoded as static and other portions of >
the 1mage frame are to be encoded as not static and

wherein the pre-encoding logic 1s operative to obtain
the external information indicating the amount of the

image frame to be encoded that 1s static from one or
more of: a gaming application that generates the exter-
nal information, a video decoder that generates the
external i1nformation, and a result of a correlation
between the 1mage frame to be encoded and the pre-
viously encoded image frame;

power consumption control logic operatively coupled to
the pre-encoding logic and operative to adjust power
consumption of the wvideo encoder based on the
obtained external information indicating the amount of
the 1mage frame to be encoded that is static; and

executable instructions that when executed cause the IC "
fabrication system to fabricate the one or more ICs such
that the power consumption control logic 1s operative to
adjust a clock frequency of the video encoder based on
the external information indicating the amount of the
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image irame to be encoded that 1s static in order to
adjust power consumption of the video encoder.

13. The non-transitory computer readable medium of
claim 12 comprising executable instructions that when
executed cause the 1C fabrication system to fabricate the one
or more ICs such that the pre-encoding logic 1s operative to
obtain the external information indicating the amount of the
image frame to be encoded that 1s static as at least one of a
binary indication of whether each of a plurality of regions of
the 1mage Iframe to be encoded 1s static and coordinate
external information indicating a region of the image frame
to be encoded that 1s not static.

14. The non-transitory computer readable medium of
claim 12 comprising executable instructions that when
executed cause the IC fabrication system to fabricate the one
or more ICs such that the one or more ICs further comprise:

the video encoder; and

a video decoder operative to:

receive encoded 1image data from the video encoder;

decode the received encoded image data to generate
decoded 1mage data; and

provide the decoded image data for display on a
display.
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